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1 INTRODUCTION

1.1 Problem Statement

There exists a needfor an energyabsorbing roadside/median barrier that lowers
passenger vehicle accelerations but still has the capacity to contaieneigdyimpacts with
largetrucks. Severatypes ofenergy absorbers were analyZeduse ina newenergyabsorbing
roadside/mediabarrierby Schmidt, et al.and sevel rubber energy absorbers were selected for
dynamic and static component testirig. Schmidt, etal. estimated thatach energy absorber
should dissipat@approximately52.8 kin. to 211.2 kin. (6.0 kJ to 23.9 kJ) dfinetic energy,
depending o spacingirom 5 ft to 20 ft (1.5 m to 6.1 m)n a newoadside/median barrier for a
30 percent reductiom lateral acceleratioascompared to a rigid concrete barrsebjected t@a
2270P impacevent[1]. The energy absorbsrused in the new barrieeedto have acceptable
deflection limits, be restorable and reusable, hawe d¢hpacity to contain na American
Association of State Highway and Transportation Officials (AASHM2nual for Assessing
Safety HardwarglMASH) TL-4 impactevent[2] and sufficiently reducgassenger vehicle
accelerations.
1.2 Objectives

The dynamic properties f@ach energy absorhéncluding energy, force, and deflection
were determined. The change in rubbehavioras a function of teperature was alsexamined
Barrier design concepts were also evalu#iteoughdynamic teshg.
1.3 Scope

The research objectives were achieved through the completion of severalFiestks.
component tests were used to determine the dynamic properties of rubber energy absorbers.
Twelve dynamic bogie s were conducted on -19. (254mm) long axially-loaded EPDM

rubber cylinders. Five dynamic bogie tests were conducted oxira W4de x 16-in. tall x 22in.
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long (356mm x 406mm x 559mm) rubber marinshearfender. One dynamic bogie test was
conductedn a27-ft (8.2-m) long installation ofwbbercylinders spaced at 8 ft (2.4 roh center
and attached tthe front face ofa New Jerseyshaped concrete barriaith a continuous steel
tubularfront rail. One dynamic bogie test was conducted @8+t (8.5-m) long installation of
marine shear feder posts spaced at 8 ft (204 on centemwith an uppertimber rail.

Ten static compression tests were conducted on the rubber marine shear fenders to
determine the rail weight thatould be supporéd at cold, room, and hot temperatures.
relationship letween temperature and deflectiointhe shear fendemsas determinedMultiple
shear fenders were gradually loaded in various configurations to find an optimal post spacing and
beam weightFinally, conclusions and recommendations were made regardingathiéty of

the rubber cylinders and shear fenders for use as energy absorbers in a roadside/median barrier.
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2 DYNAMIC COMPONENT TESTING CONDITIONS

2.1 Equipment and Instrumentation

Numerous quipment and instrumentation were used to conthetlynamic compoent
testsreported hereinAll dynamic tests were conducted at the MwRSF Proving Grounds in
Lincoln, NebraskaThe eguipment and instrumentatidhat wasutilized to collect and record
data during the dynamic bogie tests included a begfecle test jigs, accelerometey pressure
tape switchespptical speed systenhigh-speed and standaspeed digital videoand still
cameras.

2.1.1BogieVehicle

Two rigid-frame bogie wereused to impact thelastomeric components and simple
barrier systems A variableheight, detachable impact head was ushding the dynamic
componentesting Thefabricatedbogie head was constructedsof 6-in. (152mm) wide x 8-in.
(203mm) deepx 34-in. (864mm) longtimbers covered with plywoodn test no. HSF14%, an
additional 6in. (152mm) x 8in. (203mm) timberbeamwas attached horizontally to the impact
head.The impact head was bolted to the bogie vehitiles creating alarge impact faceThe
bogieweights, includinghe mountable impact heashd accelerometers, asaownin Table 1.

The bogie vehicles used in each of the tests are shown in Figiimesigh4.

Tablel. Bogie Weighfor Dynamic Component Tests

Test Ncs. Ygezfgh)t
EPDM-1 through EPDM3 1,686 (765)
EPDM-4 through EPDM12 1,689 (766)
HSF141 through HSF14! 1,818 (825)

HSF145 4,946 (2,243)

SFHG1 4,876 (2,212)

SFHT-1 4,871 (2209)
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A steel corrugatetteam guardrailvas usedo guide the tirs of the bogie vehicléor test
nos.EPDM-1 through EPDML2 and test no. HSF1%, as shown in Figurelsand3. A steelpipe
guidance track was used to guide the bogie vehicle fomtes HSF141 through HSF14,
SFHG1, and SFHTL, as shown in Figuresand4.

A pickup truck was used tauphthe bogie vehid to the required impact velocityr test
nos. EPDM1 through EPDML2 and HSF14 through HSF14. After reaching the target
velocity, the push vehicle brakedllowing the bogie tde free rollingas it came off the track

A pickup truck with a reverseable tow system was used to propel the bogie for test nos.
HSF145, SFHC1, and SFHTL. When the bogie approached the end of the guidance system, it
was released from the tow cable, allowing it to be free rolling when it impacted the system. A
remote brakg system was installed on the bogie allowing it to be brought safely to rest after the
test.

2.1.2Accelerometers

Various accelerometer systems were mounted on the bogie vehicle near its center of
gravity to measure the acceleration in the longitudinal,dfgtand vertical directionsdowever,
only the longitudinal acceleration was processed and repditedaccelerometesystems used

in eachtestare shown imable2.

Table2. Accelerometers for Dynamic C@onent Tests

Test Nos. DTS SLICE 6DX EDR-3
EPDM-1 through EPDM3 X * X
EPDM-4 through EPDM12 * * X
HSF141 through HSF14%6 X * X

SFHG1 * X X
SFHT-1 * X X

Note: X1 accelerometer systeused
* T accelerometer systenot used
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Oneaccelerometer systn the DTS,was a twearm piezoresistive acceleromessistem
manufactured by Endevco of San Juan Capistrano, California. Three accelerometers were used to
measure each of the longitudinal, lateral, and vertical accelerations indeperdentbample
rate of 10,000 Hz. The accelerometers were configured and controlled using a system developed
and manufactured by Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. More
specifically, data was collected using a DTS Sensor Input Module (Mbfel TDAS3SIM-
16M. The SIM was configured with 16 MB SRAM and 8 sensor input channels with 250 kB
SRAM/channel. The SIM was mounted on a TDA®S8 module rack. The module rack was
configured with isolated power/event/communications, 10BaseT Ethernet RB232
communication, and an internal backup battery. Both the SIM and module rack were
crashworthy. The ADTS TDAS Control o computer
Excel worksheet were used to analyze and plot the accelerometer data.

A secondsystem, SLICE 6DXwas a modular data acquisition system manufactured by
DTS of Seal Beach, California. The acceleration sensors were rdoustde the body of the
custombuilt SLICE 6DX event data recorder and recorded data at 10,000 Hz to the onboard
microprocessor. The SLICE 6DX was configured with 7 GB of-walatile flash memory, a
range of N500 gébs, a sampl e r at e -aidsinglfider. 000 H:
The fA®WBr€B comput er andd dustomizesl Miprosoftgbxcelotksheet
were used to analyze and plot the accelerometer data.

A third system, Model EDR3, was a triaxial piezoresistive accelerometer system
manufactured bynstrumented Sensor Technology, IN&T) of Okemos, Michigan. The EDR
was configured with 25 kB of RAM, a range of N200 gés, |

1,120 Hz lowpass filter. T h e ADy naMdx corputgr Bdftware program and a
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customized Microsoft Excel worksheet were used to analyze and plot the accelerometer data.
This system did ot collect any data for test no. HSF34

2.1.3Pressure Tape Switches

Three pressure tape switches, spaced@tp r o x i m-ént (Enh) inter@a Bnd placed
near the end of the bogie track, were used to determine the speed of the bogie before impact in
test os. EPDM1 through EPDM12 and HSF14 through HSF14. As the front tire of the
bogie passed over each tape switch, a strobe light wasderding an electronic timing signal
to the data acquisition system. The system recordethtpelsesand the timeat whicheach
occurred. The speed was then calculated using the spacing between the sensors and the time
between thempulses Strobe lights and highpeed video analysis are used only as a backup in
the event that vehicle speeds cannot be determinedifi@electronic data.

2.1.40ptical SpeedTrap

The retrereflective optial speed trap was used to determine the speed of the bogie
vehicle before impact in test nos. HSFll4hrough HSF14, SFHC1, and SFHTL. Three
retroreflective targets, spaced at approately 4in. (102mm) intervals, were applied to the
side of the bogie vehicle which break the beam of light. When the emittech lwddight was
returned to the emittedceiver, a signal was sent teetopti@l control box, which in turn sentra
impulseto the data computer as well as activated the External LED box. The computer recorded
the impulsesand the timeat which each occurred. The speed was then calculated using the
spacing between the retreflective target@and the time between the impulsé&D lights and
high-speed digital video analysis are only used as a backup in the event that vehicle speeds

cannot be determined from the electronic data.



2.1.5Digital Cameras

At least oneAOS high-speed digital video cameiand one JVC digital video camera
wereused to document all dynamic component tests. The AOSspigld camesahad a frame
rate of 500 frames per second and the JVC digital video carhatha frame rate of 29.97

frames per second. The cameras were plaatter overhead or laterally from thenergy

absorber

component tests are shown Tiable 2. A Nikon D50 digital still camera was also used to

wi t h

a Vview per ptavedThecamhesas uséddor &ll h e
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document prgestand postest condibns for all tests.

Table3. Video Cameras and Locations in Dynamic Component Tests

Test No.

Digital Video Cameras

Description Location
AOS X-PRI Laterali Left Side of Bogie
EPDEl\I/:I;[l)l;[/T gough JVC Laterali L_eft Sic_ie of B)gie_
JVC Laterali Right Side of Bogie
EPDM-4 through | AOS X-PRI" Laterali Left Side of Bogie
EPDM-12 IVC Laterali Left Side of Bogie
AOS X-PRI Laterali Left Side of Bogie
HSFljgéfzaoth JVC Laterali L_eft Si(_je of Bogi¢
JVC Laterali Right Side of Bogie
AOS X-PRI Laterali Left Side of Bogie
AOS X-PRI Laterali Left Side of Bogie
HSF145 JVC Laterali Left Side of Bogie
JVC Laterali Right Side of Bogie
AOS X-PRI Laterali Left Side of Bogie
AOS X-PRI Laterali Right Sde of Bogie
SFHG1 AOS X-PRI Overhead
JVC Laterali Left Side of Bogie
JVC Laterali Right Side of Bogie
AOS VITcam | Laterali Left Side of Bogie
AOS X-PRI Laterali Right Side of Bogie
AOS X-PRI Overhead
SFHT-1 JVC Laterali Left Side of Bogie
JVC Laterali Right Side of Bogie
JVC Overhead

camera did not trigger in test no. EPBBV
camera did not trigger in test no. EPEI

9

b o
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2.2 Data Processing

The electronic accelerometer datatained in dynamic testingas filtered using the SAE
Class 60 Butterwth filter conforming to the SAE J211/1 specificatiof. The pertinent
acceleration signal was extracted from the bulk of the data sigiesprocessed acceleration
data was then multiplied by the mass of the bogietbdete |1 mpact f orce using
Law. Next, the acceleration trace was integratedno the change in velocity verstime Initial
velocity of the bogie, calculated from thetical speed system pressurdapeswitch data, was
then used to deterine the bogie velocity, and the calculated velocity trace was integrated to find
t he bogi e 0 sThisldisplatéement is atse the deflectmfithe energy absorbér most
cases Due to the fact that the rubber rebounded during some tests anddieecbntinued
moving forward, the deflection from the acceleration trace may not accurately portray the
deflection of the energy absorber
2.3Results

The information desired from the bogie tests was the feecgusdeflectionbehaviorof
the energy absorbeThis data was then used to find total energy (the area under the force versus
deflection curve) dissipated during each test.

Although the acceleration data was applied to the impact location, the data came from the
center of gravity of the bogie. Erravas added to the dataince the bogieheadwas not
perfectly rigid and sustained vibrations. The bogie may have also rotated theiimgpact
event thuscausing differences in accelerations between the bogie center of mass and the bogie
impact headSince filtering procedures were applied to the data to smoothlanations, and the
rotations of the bgie during the tests were mindhese issuewere deemed minor, and the data

was still valid.

10



Februarys, 2014
MwRSF Report NoTRP-03-280-14

Significant pitch angles did develop late in some testtha boge overrode the energy
absorberHowever, thesenotionsoccurred after th@rimary crush of thenergy absorber. One
useful aspect of using accelerometer data was that it included influences of the energy absorber
inertia on the reaction force. iBhinfluencewas important as the mass of the energy absorber
would affect barrier performance as well as test results.

The accelerometer data for each test was processed in order to obtain acceleration,
velocity, and deflection curves, as well as forcedeflection and energy vs. deflection curves.

The values described herein were calculated fromDIh8 or SLICE 6DXdata curvesvhen
available, because they had a higher data acquisition frequ€éheyEDR3 was theonly
accelerometer usddr test nos. EDM-4 through EPDML2, so the values for these tests were
calculated from the EDR data curvesTest results for all transducers are provideAppendix

A.

11
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3 CYLINDER COMPONENT TESTING
3.1 Purpose

Rubber cylinders have been usediccessfully in energgbsorbing applications,
specifically in roadside safety hardware. One design concept included an-kpadiy rubber
energy absorbethat was compressed against a rigid concrete p[hllRubber cylinérs were
chosen for testingind evaluatiorbecausethey  not require a custom moldhe Ethylene
Propylene Diene Monomer (EPDM) rubbersha service temperature thatwell beyond
extreme temperatures found in the Unitethtes, and EPDM has an excdlleesistance to
important environmental effects, such as oxidations, ozone, sunlight aging, heat aging, weather,
and water[4]. EPDM rubber is a common elastomer and has beed us previous crash
cushions.

Three differentrubber cylinders were manufactured by Eutsler Technical Products, Inc.
in Houston, TX.The cylinders were mandrel wrappedvo 80duro me t e-mn., (20@nam)
inner diameter, 2. (51-mm) thick, and 10-in. (254mm) long EPDM rubber cylinders were
designated 1A and 1B. Two @Du r o me tire (206mrB)anner diameter, -ih. (51-mm)
thick, 1Gin. (254mm) long EPDM rubber cylinders were signated 2A and 2B. Two 80
d ur o me tine(R44mn®) ener diameter,-in. (25mm) thick, 10in. (254mm) long EPDM
rubber cylinders were designated 3A and 3Bseries of component tests werenductedto
determine the dynamic properties of the cylindersuse in design as well dmite element
simulation validation
3.2Scope

A total of 12 bogie tests were conducted on axiklhded EPDM rubber cylindersas
shown inTable4. Test no. EPDML was conducted on an 80 durometein2(51-mm) thick

cylinder.Test no. EPDM2 was conducted on a 60 durometem2(51-mm) thick cylinder.Test

12
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nos. EPDM3 through EPDM12 were conducted on an 80 durometefin.1(25-mm) thick
cylinder with repeated impact eventShe cylinders are shawin Figure 5. The target impact
conditions were a speed of 5 mf@km/h)and an angle of O degrees, axially compressing the
cylinders. The cylinders were impacted 22 (559 mm)above the groundlinesuch thatthe
applied forcevasapproximatelyaligned with thecenter of gravity €.g.) heightof the bogie. The

test matrix and test setup ateown in Figure$ through9.

Table4. Rubber Cylinderfor EPDM Test Series

Test No. Cylinder Durometer Thipkness M Innerl?iameter(ID) Outerl?iameter(OD) Lgngth L

No. in. (mm) in. (mm) in. (mm) in. (mm)

EPDM-1 1A 80 2 (51) 8a (206) 12a (308)10(259

EPDM-2 2A 60 2 (51) 8a (206) 12a (308)10(254)
EPDM-3

through 3A 80 1(25) 9e¢ (244)) 11le (295)10(254)
EPDM-12

Figure5. EPDM Rubber Cylinders 1A, 2A, and 3A

13



Vi

Figure6. Bogie Testing Matrixad Setup Test Nos. EPDML. through EPDM3

¥T-082-€0dHION Hoday 4SHMN

102 ‘9lreniged
































































































































































































































































































































































































































































































